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LETTERS TO THE EDITOR 

[The Editor does not hold himself responsible for opinions ex¬ 
pressed by his correspondents. Neither can he nude: take 
to return , or to correspond with the writers of rejected 
manuscripts intended for this or any other part of Nature. 
No notice is taken of anonymous commun>canonsi\ 

Astronomical Constants and the Paris Conference. 

Many- objections have recently been raised—above all, in 
America—to the decisions of the International Conference that 
met in May 1S96, at Paris, with the object of choosing a uniform 
system of fundamental stars and astronomical constants for the 
four great ephemerides of Berlin, London, Paris and Washing, 
ton. The matter is of the greatest importance, inasmuch as 
it refers to the bases of precise astronomy, together with a 
general tendency of al! science to a method of international 
discussion that, leaving free and autonomous all persona! and 
local initiatives, bring workers in such agreement as is necessary 
for nullifying discrepancies and contradictions. Of such ten¬ 
dency we have the most comforting manifestations in the 
International Geodetical Association, in the Commission (also 
international) for unifying weights and measures, and in the 
similar meetings of scientific men of every nation for the 
electrical measurements, for meteorological services, for the 
photography of the heavens. Astronomy is, perhaps, among 
all physical sciences the one destined by its historical tradition" 
no less than by its present and future necessities, to second— 
nay, to promote and develop—the cosmopolitan tendency. The 
grand spectacle of the face of the heavens, ever before the eyes 
of all; the difference of phenomena according to the horizons, 
which carries with it the need of co-operation between the 
observers diversely situated with regard to the celestial sphere ; 
in fine, the high and significant moral education that comes to 
astronomers from the continual contrast between the immensity 
of the heavens and the miserable narrowness of the limits 
traced out conventionally on the globe between one country and 
another; here are the causes through which a spirit superior to 
any narrow nationalism was soon breathed into our souls. Tycho 
Brahe, the proud Danish patrician, the founder of practical 
astronomy in the Renaissance, sings sternly— 

Omne solum fortl patria est, coelumque 
Undique supra. . . . 

And his name, with those of Copernicus, Kepler, Galileo and 
Newton, form a constellation that shines not more for the sky 
of Denmark, than for that of Germany, Italy, or England ! 

On the other hand, on the sentimental considerations of the 
solidarity of the human race, to which a great weight must 
always be given, other arguments of a more modest and more 
positive character rest and flourish; these comfort, and, if I do not 
deceive myself, put out of all reasonable doubt the necessity of 
imprinting on our science an international character. From 
the day in which Frederic William Bessel solidly constructed, 
on the admirable observations of James Bradley, the “ Found- 
ations of Astronomy,” enriching with his teutonic analysis the 
product of the patient British ingeniousness, a new current of 
collaboration among astronomers of every country was opened. 
The works of the said Bessel, of Struve, of Argelander, and 
lately those of Auwers and Newcomb, set out by admitting that 
the modern era of precise astronomy opens with Bradley, as the 
era of the Renaissance began with Tycho Brahe, and the 
Hellenic with Hipparchus. Each of those.three great observers 
had his precursors, whose work seems to establish a mysterious 
continuity with the astronomy of the civilisation immediately 
preceding it. Aristillus and Tymocharis, the first Alexandrian 
observers, are connected with the astronomy of the Oriental 
nations ; King Alfonso of Castile, Paolo Toscanelli and Regio¬ 
montanus with that of the Arabians; Hevelius, Cassini, Flam¬ 
steed with that of the Renaissance. But as in the great 
catalogue of Hipparchus we have the measure of what the 
genius of the Greeks could give rvhen applied to observations 
of the heavens, as only in the celestial places determined by 
Tycho Brahe we have the material for the new planetary theories 
of Kepler, which led to the discoveries of Newton, so to Bradley 
(and to Bradley alone) we must refer the rational application of 
these delicate means of astronomical observation that, revealing 
tire most minute corrections to be applied to the places of stars, 
led to the foundation of a sidereal astronomy. The precession 
of the equinoxes more rigorously determined, the nutation of the 
terrestrial axis and the aberration of the fixed stars discovered 
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and measured in their effects; the places of 3222 stars exactly- 
settled in regard to the fundamental circles of the sphere, with 
a precision unknown till now, and comparable only to that of 
the modern meridian observations: these are the fruits of the 
long, fatiguing and sapient vigils of the Royal Astronomer in 
that Greenwich Observatory whence astronomy issued trans¬ 
formed one hundred and fifty years ago. 

But if Bradley merited in the competent and severe judgment 
of Bessel the glorious epithet of sir iucomparabilis, if Linder.au 
and Struve had been able to say that astronomy had been 
renovated at Greenwich and that the work of the great English 
observatory surpassed at the end of the eighteenth century all 
remaining astronomical productions, if, after the exhaustive 
discussion of Bessel (Fundamenla Astronomies), Bradley’s work 
has still been good enough for a more refined elaboration in the 
last quarter of our century, by the merit of Auwers, who has 
given it all the value of which it was intrinsically susceptible, 
it is no longer allowable nowadays to put entirely on one side 
all the material that has been accumulated from 1750 till now, 
and which ought to concur with Bradley’s observations in fixing 
with all possible approximation the values of the fundamental 
constants and the coordinates of the leading stars. As to what 
refers more especially to the precession of the equinoxes and 
to the proper motions of the stars, it is undeniable that the 
value of Bradley’s observations is notably augmented by their 
antiquity : the greater the length of time that has elapsed, the 
more is manifested the influence of corrective terms, in which 
time itself is multiplied by the coefficient of the precession or 
by the proper motion on the one or the other coordinate. But 
to render such influence really efficacious in the calculation of 
the factors that enter into the same terms, it is necessary that 
the lapse of time should be so great as to carry the terms that 
contain it to a higher order of tern! (unknown) that represents 
the accidental and systematic errors of the places settled by- 
Bradley. Now no one could affirm that the century and a half 
that has passed between Bradley and our time be sufficient for 
this; on the contrary’, indications are not wanting that authorise 
an opposife opinion. Shall we, for this, resign ourselves to a 
perfectly passive indifference, allowing time to mature the' terms 
still too restricted? For the accidental errors, there is nothing 
else to be done ; but they are not the most dangerous, and, on 
the other hand, the abundance of Bradleyan observations would 
allow us in many cases to rely upon fortuitous compensations. 
For the systematic errors, however, the case is different. We can 
and we ought, with all the means of investigation with which the 
improved state of the science furnishes us, to seek out those 
systematic errors that still remain in Bradley’s Catalogue, even 
after the acute revision of Auwers. Such a work would in no 
wise be irreverent to the labours of the talented Berlin astronomer, 
who, for the first, has gi\-en us precious materials for investiga¬ 
tions of that sort, by his new and masterly discussion of the 
observations that Tobias Mayer made at Gottingen, con¬ 
temporaneously with those of Bradley. It is necessary in a 
special manner to ascertain (as my revered master Schiaparelli 
suggests to me) whether and how far it is possible to render 
independent of Bradley the enormous amount of observations 
made by Piazzi at Palermo between 1792 and 1S14. To such 
research I am now attending, white at the New York Observatory 
(through Dr. Davis) and at Turin the elements are being 
prepared in accord for a new reduction of the Palermitan 
Catalogue. Until such a reduction be completed, and until 
analogous researches have been instituted on all the observations 
that can 'lend themselves to the solution of the problem, and 
that were executed in the first half of the century, it will be 
vain to impose by international agreement the values for the 
precession and for proper motions that should be not provisory. 
The antiquity of the equinoxes observed by Bradley is not 
sufficient title to make us exclude a priori equinoxes more recent 
but more precise, those observed in Germany especially. For 
tl e needs of astronomy until now Bradley’s work has rendered 
incalculable service; but what Bradley could by himself give, 
he has given. It is perhaps illusory to believe that a deeper 
and minuter discussion (as is undoubtedly Newcomb’s last, com¬ 
pared to those of the Struves) can lead us to a more intimate 
knowledge of the truth. 

But it is not alone in the exclusion of intermediary observa¬ 
tions, of those in a special manner belonging to the first half of 
our century, that the conclusions of the Paris Conference find 
serious objections, for what refers to the precession and to proper 
motions. As Prof. Lewis Boss notes in a deep and animated 
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paper in the Astronomical Journal, two great astronomical un 
dertakings adapted to throw new light on the controversy await 
their fulfilment: the zones of the Aslronomische Geselhchafl and 
the Catalogue of the Paris Observatory. Notwithstanding the 
differential character of the first, and the heterogeneous origin of 
the second, Prof. Boss thinks that we cannot estimate from these 
two copious springs of information on the proper motions, in 
which the abundance of data compensates (in certain limits at 
least) their dependence upon the errors of the fundamental 
systems adopted. 

Allow me to add another consideration to those put forward in 
all competence by the American astronomer. The problem of 
the precession is indivisible, as we have said, from the problem 
of the proper motions: the problem of proper motions may 
depend in its turn on the displacement of the solar system in 
space. Now there is no doubt that a solution, fit to be con 
sidered definitive for a long series of years, is still wanting as to 
the last problem. And the reason of it is clear : it has been till 
now attacked on different sides, but-always with individual 
method, inherent (we must say) to the state of science, that has 
not yet mobilised all its forces for a simultaneous attack. The 
classical methods based on confronting between stellar co¬ 
ordinates observed at many years’ distance, and on subtracting 
in the observed displacements the parallactic part from that due 
to the real motion of single stars, are singularly convenient to de¬ 
termine the directions of the translator}' movement of the solar 
system. To determine its velocity it is instead more convenient 
to use spectroscopic methods, with which the velocity of each 
star is measured in the direction of the visual ray. The very 
brief time that has elapsed since the day that Vogel, at Potsdam, 
with such ability rendered possible the measurement on the 
photographs of the slender and nearly imperceptible displace¬ 
ments of the spectrum lines, has not yet allowed this method to 
be applied in all its potentiality, the fecundity of which Secchi 
had already divined, as many worthy observers, such as Pickering 
and Maunder, had attempted to practically employ it. When 
the new photographic equatorial (to be mounted at Potsdam) has 
given the means of studying a large number of stars inferior to 
the second magnitude (which is the limit till now of the instru¬ 
ment used by Vogel), when the rigorous proceedings of the illus¬ 
trious German spectroscopist become familiar to the American 
astronomers, who until now are perhaps the only persons to 
whom the question of expense presents no difficulty, when a new 
installation is to be made, then, and only then, the moment for 
approaching the solution of the problem of the solar translation in 
space by the medium of a rational combination of astronomical 
and spcctroscopical methods will be arrived. 

Once the movement of our system is known with sufficient 
exactitude, it will be easy to eliminate its effect from the proper 
motions of the stars, which can then be reduced, free from all 
systematic part, to the merely accidental variations of the co¬ 
ordinates, and can therefore be treated as accidental errors, and 
submitted to calculation, together with the eventual correction 
of the constant of precession. This will only gain in precision 
the longer its deduction is delayed, which, for obvious reasons, 
may be afterwards made definitive for a long series of years. It is 
exactly for such a consideration that I think it right that all the 
equinoxes determined after Bradley’s, and which are not affected 
(as those of Piazzi are) by incurable errors, should be used in the 
new determination of precession, it being possible only, from 
the comparison of these equinoxes, to rise again by extrapolation 
to Bradley’s epoch, with data adapted to render clear the law of 
the systematic errors remaining in the revision of Auwtrs. 

As to the nutation, it does not seem that the value 9" *21 of 
this constant, adopted by the Conference, has yet given rise—at 
all events, in public—to disputes and oppositions. Anyhow, it 
will not be useless to remember that fresh rigorous determin¬ 
ations of it were by several authorities demonstrated to be 
necessary in recent years, and that especially the persistent 
uncertainties have their being through the disagreement, not 
yet well explained, existing between the value of the terrestrial 
flattening given by the mechanical theory of the nutation and 
that given by geodetical measures. Harkness has sustained the 
need of a new series of observations, tending to furnish a new 
value of the constant of nutation, more precise than that of 
Peters. While such a series is projected and executed (and it 
will be necessary to prolong it at least for one of the periods of 
nineteen years that reconduct the node of the moon’s orbit 
to the equinox), the discussion of the enormous geodetical 
material that is being accomplished will furnish us more secure 
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facts as to the flattening and to the moments of inertia of the 
earth, thanks to the comparison between the values given by 
the arcs of meridian and by the measured lengths of the pen¬ 
dulum for seconds. Hence a correction (that can be but 
arbitrary) seems premature as to the value already assigned by- 
Peters, whose exactitude, according to Harkness, is remarkable. 

For the solar parallax, the Conference thought it opportune 
to fix a value of 8"'So, by an act of authority unjustified by 
sufficient explanations. This appears to many astronomers to 
be an acceptable mean among the most discordant values that 
laborious researches have furnished in the last twenty years. 
The lamented Tisserand found no other motive for being 
satisfied with this choice, except its approach at less than 
a hundredth part of a second to the value fixed by Laplace. 
But the example of the famous mistake of Encke, not too oppor¬ 
tunely quoted by him, should have admonished him to use 
greater prudence. We have, it is true, two distinct groups of 
results in these last years ; some approximate to the value of 
S"75, the others about S '-Sj. Are we to conclude that the first 
defect o" - 5, the others exceeding as much? Or is it not— 
given the great intrinsic accordance of the single determinations 
on which every value reposes—more legitimate to suspect that 
some series are affected by constant errors relatively enormous, 
and such to take weight, from them all in the definitive discus¬ 
sion ? The fact is that, notwithstanding the transits of Venus 
and the oppositions of Mars, notwithstanding the photographs 
and the hehometers, or the combined forces of men of value like 
Gill, Auwers, and many others, the problem of the parallax 
remains more open than ever. It is true that, as Boss remarks, 
one active period for this research seems at an end; but it is 
true also that, on the contrary, the question of the aberration is 
more lively than ever; and that, in the present state of 
astronomy, it would be absurd to settle the value of the former 
just when the greatest efforts are concentrated on the latter. 
To avoid contradictions, I see nothing better at present than to 
adopt (which, for the immense majority of astronomers, would 
simply mean to preserve) the constant of aberration given by 
Nyren, and the corresponding parallax, as it is calculated with 
the last value of the velocity of light, determined by Michelson 
at Breteuil. In a few years the material for a new calculation 
of the aberration will not be wanting; each of the series in¬ 
stituted lately for the study of the variations of latitude at 
short periods will furnish a useful element for discussion. 

We see from this rapid analysis how all fundamental problems 
of astronomy, even being connected with each other in a single 
problem, by effect of the equations of condition that unite the 
single constants, can, for simplicity of investigation, be gathered 
in diverse groups, according to the more intimate dependence 
of some constants upon others. We see also that the gigantic 
general combination, attempted by Harkness a few years ago, is 
really premature, but has notable importance, as the first essay 
of the method which sooner or later must be used. Harkness’ 
work in every way teaches us the inutility, or at least the small 
efficacy, of isolated researches, that are not sought to be co¬ 
ordinated with the analogous researches on elements of the same 
group. If it be too bold to establish the solar parallax on several 
dozen physical constants, mechanical or astronomical, bound 
more or less with it, it would be too timid and behindhand not 
to take into account with it the velocity of light, the stellar am) 
planetary aberration, and the variation of the geographical lati¬ 
tudes. The nutation joins with the constants that define the 
figure of the globe and the law of the distribution of matter in the 
internal strata of it. Finally, the precession is united to the 
proper motions of the stars, and to the translation of the solar 
system in space, elements which in their turn depend on the 
systematic corrections of the stellar catalogues. 

A general renovation, then, of fundamental astronomy must 
precede a new and authoritative definition of the numbers that 
the twentieth century must accept as the more probable values 
of the constants. The compilation of a fundamental catalogue, 
which must he the consequence of all this work, cannot be 
subordinated to considerations of opportunity, and much 
less to what Dr. Chandler shrewdly calls the “sentimental 
association vulgarly attaching to round figures.” If, for 
reasons foreign to science, the editors of the Connaissance 
dis Temps and of the Nautical Almanac will not accept the 
Newcomb’s or the Auwers’ stars, let them keep their own ; 
the slight residuary discrepancy between the ephemeridie will 
certainly be less harmful than agreement on a new pro¬ 
visional system, that, not having more value than the existing 
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ones, would acquire superior authority without justifiable 
motives. Dr. Auwers, who is undoubtedly the most competent 
person in such matters at the present time, has well delineated 
the limits of his fundamental catalogue, calling it not purely and 
simply fundamental, but “fundamental for the observations of 
the zones of the Aslranomische Gesetlschaft.” In other words, 
he has not intended to do anything else than furnish an indis¬ 
pensable basis for the great international undertaking about the 
zones, and has set up a guard against extending the signification 
of “ fundamental ” that should legitimise every delicate use of 
his stellar positions. The researches to which he is attending 
now, and to which the Paris Conference justly attributes “un 
interet scientifique de premier ordre,” prove how in his mind (as in 
those of all the astronomers assembled in Paris) the fundamental 
catalogue now in use may be considered alike provisional, just as 
the new catalogue to be compiled at the end of this century for the 
needs of national ephemerides. To give to-day the title and the 
authority of a fundamental catalogue to a collection of stars is 
not sufficient in fact for the single stars to answer simply to the 
conditions which are enumerated at page 6 (Appendix C) of the 
Anuuaire du Bureau des Longitudes for 1S97; it is necessary 
that their positions be founded on absolute observations, ex¬ 
ecuted with all the precision of which perfected modern instru¬ 
ments are susceptible, and on an exhaustive discussion of the 
series obtained till now on the same stars at Greenwich, Pul- 
kova, Leyden, Washington, and in a few other observatories. 
For the present time the needs of the practice will be satisfied 
with collections like those of Auwers, Boss, Safford, and 
similar astronomers. 

After all, if an international accordance were proposed ex¬ 
clusively to cause the four great ephemerides to adopt a uniform 
system of constants and of fundamental stars (as it appears to 
have been decided at Paris), without taking care at the same 
time that the reasons for the preference granted to such a system 
should consist in the undeniable superiority of it with regard 
to every other pre-existing, one might say that the agreement 
shows the absurdity of losing time, labour and money in the 
compilation of four different ephemerides, whilst one alone is 
enough for the needs of astronomy and navigation. In fact, for 
what object are four separate bodies of calculators employed to 
draw from planetary tables the places of the sun, moon and 
other bodies of our system ? Would not one office alone, even 
international, be more than enough, and one sole almanac, pub¬ 
lished in several languages? And would it not be convenient 
to profit by the occasion to separate more clearly than has 
hitherto been done what is necessary for astronomers from that 
which is sufficient for geodetical observers, for geographers, for 
sailors? The papers in the Astronomical Journal touch this 
matter with great ability, calling attention to the fact that the 
national ephemerides (except, perhaps, that of Berlin) show 
rather too much the effects of their practical destination ; if this 
could be fused with the supreme scope of astronomy some 
centuries ago, when the decay of astrological tendencies obliged 
science, from reasons of self-preservation, to find for herself a 
utilitarian basis, it is not at the end of the nineteenth century 
that she should found on its applications the justification of her 
existence. Like geometry, like all positive and speculative 
knowledge, like fine art, even the science of the stars aims 
especially at the honour of the human mind, and, from this 
point of view, the discovery of Neptune is worth as much as 
the discovery of a new salutary remedy or of a new electrical 
engine. On the other hand, the positions of the stars and 
planets are now known and calculated with a precision far 
superior to that which suffice for the applications. An imme¬ 
diate accord like that of Paris seems thus superfluous for applied 
astronomy and premature for pure astronomy. In any way, I 
agree with Messrs. Boss and Chandler in the view that if an 
agreement is to be come to, it is not in the form in which it was 
given at Paris. American astronomers justly note that the 
bureaucratic governmental character of the four offices publish¬ 
ing the ephemerides is not a sufficient title for them to represent 
all official and private astronomical science of the different 
countries in the definition of a merely scientific controversy of 
such moment. The directors of the four ephemerides indis¬ 
putably occupy an eminent position amongst their colleagues; 
but, whatever may be their personal merits, their opinion (in a 
matter that touches the foundations of science) is not such as to 
impress itself authoritatively and without discussion. 

Moreover, I allow myself to add that such an opinion cannot 
bind that of the numerous astronomers that belong to countries 
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where ephemerides are not published, and where they are com¬ 
piled (as at Trieste and at San Fernando) second-hand. The 
resolution adopted by the organisers of the Conference of inviting 
Messrs. Gill and Backlund, with a deliberative vote, Messrs. Van 
de Sande Bakhuyzen and Trepied with a consultative vote, does 
not seem to me to represent anything more than a well-deserved 
homage rendered to those learned astronomers, and perhaps 
might contribute to render more significant the exclusion of 
other countries, such as Austria-Hungary, Italy, Sweden, 
Norway, Denmark, the Argentine Republic, whose astronomers 
till now have strongly and efficaciously contributed to the 
theoretical and practical study of the arguments. As to what 
refers specially to my own country, it may not be inopportune to 
recall to mind the ancient series of ephemerides published, first 
at Bologna, afterwards at Milan, which was interrupted twenty-five 
years ago in order not to lose time and money by repeating what 
was abundantly done at Paris, Berlin, London and Washington. 
The history of the Milan Observatory in this last quarter of the 
century, proves that the promises made'by its director Schia¬ 
parelli were not vain, that thus the Observatory might “ dedi¬ 
cate itself with greater alacrity to those researches that con¬ 
stitute the real progress of science ” (consacrarsicon maggiore 
alacrita a quelle ricerche, cite costituiscono il vero progresses 
nolle science). 

Finally, I believe that the discussion on the conclusions and 
aims of the Paris Conference should be continued by corre¬ 
spondence in scientific periodicals, as well as by direct treaty 
between the more competent bodies. And, perhaps, it would 
not be without some utility were the Royal Astronomical Society 
and the Asironomische Gesetlschaft to jagree to examine and 
extend the plan devised some few years since by Dr. Gill for an 
international Congress of Astronomers, by which alone the de¬ 
liberations of the Conference could have full and authoritative 
sanction. Fk. Porro. 

P.S.—The present paper was already finished when I read, in 
No. 413 of the Astronomical Journal, Prof. Newcomb’s reply to 
the criticism of Prof. Boss. Notwithstanding the reasons 
strenuously advanced by the learned astronomer of Washington 
in support of his proposal of a new value for precession, it does 
not seem doubtful that the question must be considered from a 
wider and more general point of view. No one contests the 
delicacy and the rigour of the procedure adopted by Newcomb 
in drawing out his precession : no one denies but that he has 
treated the difficult argument in a masterly manner, enlightening 
it with his original and profound views. Where it seems to me 
that Boss dissents from Newcomb is in the opportunity of expend¬ 
ing such talent and labour about a material already exhausted 
and not susceptible of giving more sure results, in whatever way 
it be treated. In any way, even accepting the Newcomb’s new 
contribution to the study of the particular question of precession 
with the praise due to it, the general question still remains open. 
—Fr. P. 


The Treatment of Stamp Battery Slimes from 
Gold Ores. 

Ox page 501 of your issue of September 23, there is given a 
brief abstract of a paper read by myself at the July meeting of 
the Chemical and Metallurgical Society of South Africa. 

The essential features of the paper have hardly been correctly 
rendered in the condensation, inasmuch as at present mechanical 
stirrers are employed for agitation of slime-pulp, jets of air 
serving merely for oxidation, though their use as a means of 
agitation is suggested. 

The primary use of aeration is described in the paper as the 
oxidation of FeS, FeO.>, IL, and other reducers, so as to effect 
a preliminary preparation of pulp before adding cyanide ; hence 
the KCy is not protected by. the presence of FeS, which, with 
other ferrous compounds, has already undergone oxidation and 
become converted to ferric hydrate, in which state it neither 
consumes cyanide nor abstracts oxygen. 

The COj in the air blown through the pulp is neutralised by 
the free alkali (CaOHL) present, which thus serves to protect 
the KCy from decomposition. W. A. Caldecott. 

Johannesburg, November 8. 

Abnormal Colours of Flowers. 

With reference to your correspondent’s communication in 
Nature for December 2, on abnormal colours of flowers, I 
fancy the following note may be ofinterest. Towards the end of 
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